Natural K-feldspars from igneous rocks have been examined by means of X-ray powder diffraction (XRPD) and Fourier transform infrared (FTIR) spectroscopy in the spectral range 400-1400 cm -1 , where the Si-Al-O bonds exhibit the dominant vibrations. From the XRPD analysis three species have been distinguished, i.e. microclines (3 samples), orthoclases (4 samples) and sanidines (3 samples); their unit cell parameters were calculated. The FTIR transmittance spectra of all samples have common bands at 426, 463, 584, 604, 726 and 772 cm -1 and some additional features. The spectra of sanidine and orthoclase exhibit fewer and broader bands than the microclines', especially in the area 1000-1200 cm -1 . The differences in their spectra are located in four bands. The bands at around 536-538 and 646-648 cm -1 in the spectrum of microcline, are shifted at around 542-544 and 640-642 cm -1 in the spectrum of orthoclase and at around 546 and 636 cm -1 in the spectrum of sanidine. Four bands at 1010sanidine. Four bands at , 1050sanidine. Four bands at , 1090sanidine. Four bands at and 1136 in the spectra of microcline are substituted with two quite broad bands at about 1030 and 1125 cm -1 in the spectra of orthoclase and sanidine. These differences are attributed to different degree of Al-Si ordering in the structure of K-feldspars.
Introduction
One of the most common and well-examined mineral groups is feldspars. Several studies have been carried out concerning their structure, with various methods as X-ray powder diffraction (XRPD) and Fourier transform infrared spectroscopy (FTIR) and plenty of data have been produced (Barth, 1964; Hovis, 1986; Harris et al., 1989 , Kronenberg et al., 1996 Zhang et al., 1997) . However, the majority of the FTIR research has been focused on synthetic and/or single crystals. A small number of natural feldspar FTIR studies have been focused on single crystals and even fewer on powdered material. In this paper, naturally occurring K-feldspars from igneous rocks of Northern Greece are identified and classified with the X-ray diffraction techniques and their FTIR spectra are investigated. The aim of this paper is to present the first results of a comparative XRPD-FTIR study of the structure (unit cell parameters) and FTIR spectra of the K-feldspars.
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Materials and Methods

Samples
The samples studied here are K-feldspars from various plutonic and volcanic rocks of Northern Greece (Table 1) .
The K-feldspars were separated from the mafic minerals of the igneous rocks using a Franz model L-1 magnetic separator. Then, the K-feldspars were separated from the rest sialic minerals using the Sodium Polytungstate (SPT) heavy liquid with a density of 2.58. Quartz, plagioclases and most of the perthitic phase were sunk and all the floating material was pure K-feldspar including some microperthitic phase. In cases where zeolites were present their separation was succeeded with the SPT heavy liquid having density 2.54. The grain size used for the separations was 100 to 150 μm. The pure K-feldspar concentrates were prepared by grinding them in an agate mortar to a size less than 63 μm. Concentrates with grain size between 20 and 63 μm were used for FTIR analysis and concentrates with size less than 20 μm were used for the XRPD analysis. 
X-Ray Powder Diffraction (XRPD)
XRPD patterns were obtained on a PHILIPS PW 1820/00 X-ray diffractometer of the Department of Mineralogy-Petrology-Economic Geology, School of Geology, A.U.Th., equipped with a PW 1710 microprocessor and using PC-APD software. Operating conditions for all samples were 35 kV and 25 mA using Ni-filtered CuK αave radiation. The 2theta (2θ) scanning range was between 3 and 63 o and the scanning speed was 0.6 o /min. Τhe identification of the samples was made using the JCPDS-ICDD 2003 database. The calculations of the unit cell parameters (Table 2) , as well as the refinements were made with CHECKCELL software. Silicon was used as external standard. The probability of Al-cation to occupy one of the T1 sites (t 1 0+t 1 m) was calculated from Luth's equation (eq. 1) (Stewart and Wright, 1974) .
(1)
Fourier Transform Infrared Spectroscopy (FTIR)
For the FTIR analysis the sample was homogenized with KBr with a ratio 1:100 (1.8 mg of the sample was homogenized with 180 mg KBr). The mixture was pressed for 3 minutes at 4 tn and for 10 minutes at 7 tn using a hydraulic hand press in an evacuated die into a 13 mm pellet. The pellets were dried at 110 o C for 48 hours just before the collection of the spectra to avoid taking the spectra of the atmospheric water. The FTIR spectra in transmittance mode were recorded in the region of mid IR (MIR, 400 to 1400 cm -1 ) and represent the average of 128 scans with resolution 2 cm -1 with a PERKIN-ELMER FTΙR Spectrometer Spectrum1000 of the Solid State Physics Section, Physics Department, A.U.Th. As a reference was used a pure KBr pellet weighted 180 mg.
Results
XRPD
Representative XRPD patterns of the samples are presented in Fig. 1 , their identification based on the ICCD patterns and their calculated unit cell parameters are presented in Tables 1 and 2, respectively. According to the XRPD patterns of the samples they are divided in three species: sanidines (S1, S2, S3), orthoclases (O1, O2, O3, O4) and microclines (M1, M2, M3). It must be noted here that in some samples a small amount of albite is observed. This is due to the concentration of albite in a perthitic form. Perthitic and microperthitic textures were observed under the petrographic microscope in the studied samples. In a better look this amount is present in the samples which had microperthites whereas the samples with perthites present almost pure K phase. The cause is the grain size of the samples during the heavy liquid separation. The rich-in-perthites particles were sunk but the poor-in-perthites ones were floated and mixed with the pure K end-member phase.
FTIR
In the mid-FTIR spectra (400-1400 cm -1 ), the vibrations of The spectra of all samples (Figs 2a, b , c) present six common bands at around 426, 463, 584, 604, 726 and 772 cm -1 (Table 3 ). In the spectral region from 1000 to 1200 cm -1 there are two quite broad bands, which in some samples appear to be split into four. The band at about 426 cm -1 in all sam- ples is attributed to the O-Si-O deformation (Iiishi et al., 1971; Matteson and Herron, 1993) . The band observed at about 463 cm -1 is due to the coupling of O-Si-O bending and the K-O stretching vibrations (Iiishi et al., 1971; Matteson and Herron, 1993) . The bands at about 584 and 604 cm -1 are correlated to the O-Si(Al)-O bending vibrations of the three species. The bands at about 463 and 604 cm -1 appear as weak bands in all microcline spectra and as shoulders in all orthoclase spectra; in the sanidine spectra they are hardly distinguished. The bands at 726 and 772 cm -1 are, respectively, attributed to the Si-Al(Si) and the Si-Si stretching vibrations of the three species (Iiishi et al., 1971; Matteson and Herron, 1993) . Also, in all samples two broad bands in the spectral areas 1010-1050 cm -1 and 1090-1136 cm -1 occur. Besides the afore-mentioned common bands, each K-feldspar species exhibits the following additional features:
Sanidine
The spectra of sanidines reveal two additional bands at around 546 and 636 cm -1 , not present in the spectra of orthoclases and microclines (Fig. 3 , Table 3 ). The band at around 546 cm -1 is attributed to the coupling between the O-Si-O bending vibration and the K-O stretching vibration, whereas the band at 636 cm -1 corresponds to the O-Si(Al)-O bending vibrations (Iiishi et al., 1971; Matteson and Herron, 1993) . Two quite broad bands are observed at about 1030 and 1125 cm -1 . These bands are due to the Si-O stretching vibration and especially the band at 1030 cm -1 may, also, be attributed to the Si(Al)-O stretching vibrations.
Orthoclase
In the spectra of all orthoclases, the 546 cm -1 band appeared in the spectra of sanidines is slightly shifted to lower wavenumbers at about 543 cm -1 (Fig. 3 , Table 3 ). This band is due to the coupling between the O-Si-O bending vibration and the K-O stretching vibration (Iiishi et al., 1971; Matteson and Herron, 1993) . Concerning the 636 cm -1 band in sanidines, it is shifted to higher wavenumbers at about 640-642 cm -1 in the spectra of all orthoclase samples. This band is attributed to the O-Si(Al)-O bending vibrations (Iiishi et al., 1971; Matteson and Herron, 1993) . Additionally, there XLIII, No 5 -2756 
Microcline
The spectra of microclines present a band at about 536-538 cm -1 (Fig. 3, Table 3 ) which is attributed to the coupling between the O-Si-O bending vibration and the K-O stretching vibration and it is shifted to lower wavenumbers than the bands in orthoclases and sanidines attributed to the same vibrations (Iiishi et al., 1971; Matteson and Herron, 1993 ). An inverse behavior presents the band that is appeared at about 646-648 cm -1 in the spectra of microclines. This band is attributed to the O-Si(Al)-O bending vibrations and is shifted to higher wavenumbers than the bands attributed to the same vibrations in the spectra of orthoclases and sanidines (Iiishi et al., 1971; Matteson and Herron, 1993) . Another important difference in the spectra of microclines is the presence of four sharp bands in the region between 1000 and 1200 cm -1 instead of only two broad bands in the spectra of orthoclases and sanidines. The bands at around 1010 and 1050 cm -1 are both attributed to the Si(Al)-O stretching vibrations. The broad band at around 1090 cm -1 and a sharper one at around 1136 cm -1 are attributed to the Si-O stretching vibration (Iiishi et al., 1971; Couty and Velde, 1986) .
Discussion
The basic structure of an alkali-feldspar consists of a three dimensional array of corner-sharing tetrahedra. Three of the four cation sites in their unit cell are occupied by Si-cation and the fourth by Alcation. The high temperature forms of KAlSi 3 O 8 , sanidine and perhaps orthoclase are monoclinic (C2/m) and the low temperature form, microcline, is triclinic (CĪ). The K-feldspars rarely approximate the end-member composition and usually have a relatively high content of NaAlSi 3 O 8 . Although K and Na form a continuous solid solution series at high temperatures, on slow cooling unmixing takes place and the isomorphous series is destroyed. The solid solution is separated into two phases, a K-rich phase and a Na-rich one. The new texture generated from this unmixing is called cryptoperthitic, microperthitic or perthitic, depending on the size of the Na-rich areas. The new Na-rich phase into the K-rich phase is called cryptoperthite, microperthite or perthite, respectively (Deer et al., 1971; Smith and Brown, 1988) . In some of the examined samples the presence of perthite is obvious, as revealed by the XRPD analysis combined with the petrographical data.
The infrared spectra of the investigated samples show quite common features. This observation is in agreement with Laves and Hafner (1956) , Hafner and Laves (1957) and Martin (1970) observation for the infrared spectra of alkali-feldspars. The low temperature microclines and consequently highly ordered, show spectra with sharp and easily distinguished bands. On the other hand, the high temperature and presumably disordered sanidines have spectra with much broader and fewer bands, observed also by White (1974) and Moenke (1974) . These aspects are correlated with the Al/Si disorder of the K-feldspars (Laves and Hafner, 1956; Hafner and Laves, 1957; Moenke, 1974) . These, also, are observed in the spectra of the examined samples. All of the sanidine spectra have broader bands than the orthoclases and they have less and broader bands than the microclines.
All of the investigated samples present six common bands at 426 cm -1 (O-Si-O bending vibration), 584 cm -1 [O-Si(Al)-O bending vibrations], 726 cm -1 [Si-Si(Al) stretching vibrations] and 772 cm -1 (Si-Si stretching vibration). Of special interest and further investigation is the presence of two bands at around 463 and 604 cm -1 . In the spectra of microclines, these two bands appear as sharp and weak bands. The spectra of orthoclaces present shoulders in the 463 and 604 cm -1 , whereas in the spectra of sanidines there is only an indication of the presence of these two bands. This behavior may be at- Fig. 4 : a. First order-sensitive band versus t 1 0+t 1 m. b. Second order-sensitive band versus t 1 0+t 1 m. c. Ratio of the first to second order-sensitive band versus t 1 0+t 1 m. d. Frequency/frequency diagram, after White (1974) , showing the relation of the two sharp order-sensitive bands in the FTIR spectra of the samples. Data of the open symbols from Hafner and Laves (1957) are plotted for comparison along with the investigated samples (filled symbols).
tributed to the degree of ordering in the samples. Microclines, which present a good degree of ordering, exhibit sharper and distinct bands, whereas sanidines, which present the most disordered structure of the K-feldspars, appear only indications of their presence. Orthoclases, an intermediate phase, present shoulders in their spectra in these wavenumbers making certain their presence. Two common but very broad bands in the range of 1000 to 1200 cm -1 are attributed mainly to the Si-O stretching vibration.
The main differences in the spectra of the three species are the position of two bands that are shifted and associated with the O-Si-O bending vibration. These bands are correlated with the degree of ordering in the feldspars (Hafner and Laves, 1957; Harris et al., 1989; Matteson and Herron, 1993) . The first order-sensitive band, appeared at around 546 cm -1 in the spectra of sanidines, is attributed to the coupling of O-Si-O bending and the K-O stretching vibrations and is shifted to lower wavenumbers at around 542-544 cm -1 in the spectra of orthoclases and at around 536-538 cm -1 in the spectra of microclines. The second order-sensitive band is observed at around 636 cm -1 in the spectra of sanidines and is attributed to the O-Si(Al)-O bending vibrations. This band is shifted to higher wavenumbers at around 640-642 and 646-648 cm -1 in the spectra of orthoclases and microclines, respectively. The plot of each order-sensitive band versus t 1 0+t 1 m is presented in Figures 4a and b . In Figure 4a it is observed that as the probability of Al-cation to occupy the T1 site increases, the first order-sensitive band shifts to lower wavenumbers. The opposite trend is observed in Figure 4b where the probability of T1 site to be occupied by Al-cation increases when the second order-sensitive band shifts to higher wavenumbers. In Figure 4c is presented the ratio of the first to second ordersensitive band versus t 1 0+t 1 m. Increasing the t 1 0+t 1 m, the ratio of these bands is decreasing. This observation is in agreement with the aspects of Hafner and Laves (1957) , Harris et al. (1989) and Matteson and Herron (1993) . In Figure 4d are presented the two order-sensitive bands in a frequency-frequency diagram. In the same diagram are presented data from natural K-feldspars from Hafner and Laves (1957) to compare the samples from Northern Greece to K-feldspars of other igneous rocks all around the world. The plot of the samples from Hafner and Laves (1957) is in agreement with the results of the samples investigated in this paper.
From the diagram of Figure 4d it is concluded that the frequency/frequency ratio is higher in the most disordered K-feldspars (sanidines), with the lowest t 1 0+t 1 m, and lower in the most ordered ones (microclines), with the higher t 1 0+t 1 m. Orthoclases which are an intermediate form, have ratios in between those of sanidines and microclines.
